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ABSTRACT 


This study has as its final product a bathymetric chart 
of Carmel Bay, California, which is improved over any other 
previously existing chart. The unique problems of applying 
the echo-sounding corrections necessary to create accurate 
bathymetric charts of areas with steep bottom slopes are 


discussed. 
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ee ete ODUCL ION 


This paper presents the results of a hydrographic survey 
of Carmel Bay, California, performed using a 12-kHz fatho- 
meter and a 3.5-kHz high resolution reflection profiler. 
Navigation was accomplished with a two-station range-range 
positioning system. 

The survey was conducted on March 10-12, 1971, froma 
52-f£t chartered oceanographic survey boat, R/V DAWN STAR, 
owned and operated by General Oceanographics, Inc., of 


Newport Beach, California. 


Pa OBJECTIVE 
The objective of this studywas to create a bathymetric 
chart of Carmel Bay, California, which accurately repre- 
sented the bottom topography. This completed chart, far 
more detailed than a standard navigational chart, provides 
a valuable tool to those interested in studying Carmel Bay. 
The hydrographic survey was conducted using the best 
positioning and echo-sounding systems economically available. 
Corrections were applied to the bathymetric data so as to 
reproduce faithfully the topographic features of the bottom. 
During the course of reducing the bathymetric data, equations 
were derived to handle corrections for the steep bottom 


slopes encountered in the bay. 
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The contours on the final chart will not necessarily be 
the depths that a ship using a standard fathometer would 
find. The depth corrections were in places very large due 
to the steep-walled submarine canyon and would cause a 
vessel to read considerably shallower depths than those 
indicated on the chart (the depths on the chart being the 


actual depths). 


B. DESCRIPTION OF AREA 

Carmel Bay, situated on the central California coast 
(Fig. 1), is an embayment cut by Carmel Submarine Canyon 
(a principle tributary of Monterey Submarine Canyon to the 
north). The head of Carmel Canyon is located close to the 
beach in the southeastern sector of the hay. 

Carmel Bay is protected to the north and south by 
Cypress Point and Point Lobos, both of which are composed 
of Cretaceous Santa Lucia granodiorite. Granite Point, 
Pescadero Point, and the southern half of Abalone Point are 
also made up of granodiorite. Arrowhead Point and the 
northern side of Abalone Point are made up of Miocene 
Verkcanilves. 

Carmel Beach, Pebble Beach, Stillwater Cove, and Whaler's 
Cove have been formed by the weathering of Paleocene Carmelo 
pebble conglomerate. Dune sands can be found at the north 
end of Carmel Beach. 

Carmel Submarine Canyon is formed by subaerial erosion 
in solid rock along a possible fault trace (Martin, 1964, 


p. 54). The major sources of sediment into Carmel Bay 
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Figure 1. Location Map of Carmel Bay (from C&GS 5476). 


2 





are the Carmel River and San Jose Creek, plus some snoreline 


€Fosion. 


Se ee REVEOUS INVESTIGATIONS 

Peromstoutiis Study, a hydrographic survey of Carmel Bay 
had been conducted in 1933 bv the U.S. Coast and Geodetic 
Survey (C&GS) (1933). Also, the head of Carmel Canyon had 
been charted in 1934 by Shepard and Emery (1941). These 
surveys were conducted using lead line soundings and hori- 
zontal sextant angles for positioning. The 1933 survey of 
C&GS serves as the basis for the present navigation chart 
of Carmel Bay (C&GS 5476). 

The sounding line spacing of the C&GS 1933 survey was 
600 ft for depths greater than approximately 20 fm and 
300 ft for depths less than 20 fm. Soundings were taken 
along the lines about every 400 ft in the deeper water and 
every 200 ft in the shallows. As no more detail than 
necessary for safe navigation was desired, the deeper areas 
of the bay lack definition. 

The sounding line spacing for the Shepard and Emery 
survey of the canyon head was 200 ft with soundings taken 
every 50 ft. This survey was very accurate when accomplished, 
but this area is subject to variation in depth due to 
slumping of sediment down the steep canyon walls. It is 
safe to assume that some bathymetric changes have occurred 
Since 1934. 

Lead line soundings give true depths and need only be 


Sorrected for tide and wire angles; but suffer from a lack 
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of continuity. Because lead-line soundings are non- 
continuous, small-scale features such as rock pinnacles 
and small channels are difficult to correlate with the 
overall bottom topography. In addition, wire line sound- 
ings cannot be precisely contoured as the depth intervals 
cannot be accurately interpolated between obtained 


soundings for areas of rugged and highly variabie bathymetry. 
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Pee EROCUREMENT OF DATA 


A. SOUNDING LINES 
ie Echessounding Equipment 

As the ship tracked, 12-kHz fathometer and 3.5-kHz 
reflection profiling data were taken simultaneously. Both 
systems utilized 30° transducer cones. 

CE aEenomMmecer 

A standard hull-mounteda Raytheon 12-kHz ship 

fathometer was used, the data being recorded on standard 
7-inch fathometer recorder paper. 

Bb. 3.5-kHZ High Resolution Reflection Profiler 

Utiiizing a towed streamlined transducer ‘fish, 
the 3.5-kHz profiling system provided the best bathymetric 
records of the survey. The record was maintained on a 
modified Gifft GDR precision depth recorder using 18-inch 
wide wet paper. 
2.08 COuUnding Line Spacing 

Optimumly when conducting hydrographic surveys using 
echo sounders, the incident sound cones of the transducers 
for parallel adjacent sounding lines should be tangent at 
the ocean bottom so as to provide 100% coverage of the 
bottom (Fig. 2). Closer spacing of sounding lines is neces- 
sary to obtain this coverage in shallow water due to trun- 
cation of the sound cone by the bottom. Some representative 


sound-line spacings for a 30° cone are shown ir Table I. 
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Figure 2. Definition of 100% Coverage. 
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TABLE I 


SOUNDING LINE SPACING FOR 100% COVERAGE 


ET 


Depth Sounding Line Spacing 


oe fom L.v0s Coverage, ft 
10 32.4 
50 L686 
80 Zoo 0 
100 O36 
200 649.2 


we 





fe 1s e€Stimated that tor a hydrographic survey of 
Carmel Bay to be accomplished with 100% coverage, over 250 n 
miles of sounding lines would be necessary. This is a large 
amount considering that Carmel Bay covers less than 6 square 
miles. The large amount of track is necessary because the 
northern half of the bay is relatively shallow, requiring a 
foi track density. In addition, the bathymetry of Carmel 
Bay 1S very complex, including many rugged rock outcrops on 
the bottom and a submarine canyon. 

Originally proposed sounding line spacings were 250 ft 
for expected depths less than 80 fm and 500 ft for expected 
depths greater than 80 fm. These spacings were determined 
as a compromise between available resources (ship time, 
navigation net, and acoustic equipment) and desirabie track 
density. 

3. Sounding Line Layout 

When planning the sounding lines to be steamed in 
performing a hydrographic survey, the following items were 
considered: 

- Make each line as long as possible to cut down on 
MOnm-prOductive time In turns and to provide con- 
tinuity in the bathymetric records. 

- Wider sounding line spacing can be used in deep water 
without a loss in coverage because the incident sound 
cone 1S wider. 

- Check-lines should be provided to run at right angles 
to the tracks to ensure that the depth measurements 
agree at track intersections. 

- Plan sounding lines to run normal to major siope con- 


tours so as to avoid cross slope error (ciscussed in 
a later section). 
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ifjewnem@en-SsOuthl Sounding lines of this survey (Fig. 3) 
were used because they were generally parallel to the major 
bottom slopes and were the longest tracks possible. These 
lines were spaced 250 ft apart, with every other north-south 
sounding line terminated when the expected depth exceeded 
80 fm. East-west cross lines were included to check these 
EEacks. 

Segmented sounding lines were used around Point Lobos so 
as to get the maximum resolution of what was known to be an 
extremely irregular bottom made up primarily of jointed 
massive igneous rock. The Point Lobos sounding lines were 
checked with the north-south sounding lines. 

4. Sounding Lines Accomplished 
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Miles. Due to equipment failure and severe weather limiting 
the survey to 2% days of daylight operations, 85 n miles 
were actually steamed. It is anticipated that the sounding 
lines not completed will be done at some future date. 

Figure 3 shows the sounding lines that were steamed and 


those planned but not completed. 


B. NAVIGATION 
1. Navigation Equipment 
Navigation was accomplished by use of a HIREX posi- 
tioning system owned and operated by Offshore Navigation, 
Inc. (ONI), New Orleans, La. Stated accuracy was 5 to 10 ft 


at ranges of less than 3 miles from the shore stations 
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Figure 3. 
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(J.W. Vernon, General Oceanographics, Inc., personal 
Communication) . 

HIREX operates in the X-band frequency range and consists 
of two land-situated transponders powered by batteries and 
two shipboard receivers. 

2. Transponder Positioning Requirements 

It was requiredthat the land-situated transponders 
be placed within line-of-sight to as much of Carmel Bay as 
possible and that a base line between the two transponders 
be offset from the bay. In addition, the positions of the 
transponders had to be accurately Known. 

Line-of-sight positioning was necessary because the 
X-band signal transmitted by the transponders is readily 
Pemeetiaikvceo iy Gestruccions such as trees. 

The line between the transponders had to be offset 
because the accuracy of the system is degraded when the area 
of operation approaches the base line connecting the two 
transpenders. 

The position of the transponders had to be precisely 
known so that the track preplots and post-plots of fixes 
taken could be accurately made. 

3. Transponder Positioning 

For the Carmel Bay survey, the northern transponder 
was placed on C&GS Horizontal Control Point Loma Alta 
(Table II). The southern transponder was placed on an 
offset control point, subsequently named Corona, which was 


surveyed in by the author by land transit tria gulation 
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rom C&Gs Horizontal Control Points Fox end Loma Alta 
feg. 4). 
4. Fixes 

Fixes were obtained by simultaneously receiving the 
omni-directional range signals from the two transponders and 
recording them for post-plotting. Fixes were taken at the 
Start and finish of each sounding line and at 3-min inter- 
vals along the lines. Since the ship averaged a speed of 
5 knots, the 3-min fixes were about 500 ft apart. Each time 
a fix was taken, the fathometer and 3.5-kHz profiler records 


were marked and annotated to coincide with the £1x number. 


C. TRACK MAINTENANCE 

The contracted navigation firm (ONI) was provided before 
the survey with the desired tracks to be steamed. Given 
these tracks and the fix spacing, the ranges from the two 
land-based transponders for each anticipated fix were com- 
puted. Plotting the ranges from each point on the sounding 
line to the Station Corona transponder as the abscissa and 
the ranges to the Station Loma Alta transponder as the 
ordinate gave a hyperbola segment (Fig. 4). 

In this manner, ONI fabricated computerized track pre- 
plots consisting of seqments of hyperbolas with the proposed 
3-min fixes along each line indicated. The preplotted track 
hyperbola for a given line was placed in an X-Y recorder on 
the ship's bridge prior to steaming the line. The helmsman 


maintained track by keeping the recorder stylus, driven by 
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the navigation system, on the preplotted hyperbolas; the 
stylus represented the ship's position. | 

The actual fixes were made by hand recording the ranges 
from the transponder read-outs at 3-min intervais (approx- 
imately at the preplotted fixes). A post-plot of the fixes 
taken along each line with their assigned fix numbers was 
provided by the contractor. The preplot and post-plot 
fixes were corrected for transponder elevation because the 
recorded ranges were actually slant distances from the ship 
to the transponders. 

Figure 5 is a sample preplot showing the ship's actual 


track superimposed over the precalculated hyperbola. 


De, AREA OF SURVEY COVERAGE 
The factors limiting the areas covered by this survey 
were shallows, kelp beds, and equipment limitations. 
1. Shallows 
Although the relatively small size of the vessel 
used (52 ft in length) allowed for work in shallow water, it 
was often necessary to stand well off shore due to shoaling 
waves and/or the presence of submerged rocks because the 
3.5-kHz transducer was towed at a depth of 20 ft. 
Coe ceup Beds 
In Carmel Bay, large dense beds of kelp (Macrocystis 
pyrifera) extend for a considerable distance off shore and 
occasionally caused the premature termination of, or depar- 


ture from, the planned sounding lines. The ke’p beds were 
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not crossed because the towed instrumentation became fouled 
and the quality of data obtained deteriorated. 

Under the auspices of Mr. Don Rich, Ranger of Point 
Lobos State Reserve, a kelp cut was heid by diving clubs in 
the area around Carmel River Beach. The elimination of kelp 
in this area allowed for near shore work in the area of the 
sewage outfall under construction and at the head of a 
tributary to Carmel Canyon. Data collected in these areas 
will be used for baseline studies to show future changes in 
the bathymetry due to sand deposition from the Carmel River 
and sediment slumping down the canyon. 


Be Equipment iii teat LOns 


As mentioned previously, it was necessary for the 
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navigation transponcders tc be placed on 

points with a clear line of sight to most of Carmel Bay. 
The sites selected were thought to meet these requirements. 
However, some blanking of stations did occur in the northern- 
Meateepara or the bay forcing premature track line cut-off. 
The blanking was attributed to the tall trees close to Carmel 


Beach interrupting the X-band signal of the HIREX transponders. 


Ee) DATA COLLECTION 

Fathometer and 3.5-kHz transducer data were collected 
simultaneously as the ship tracked. Both records were marked 
and annotated at the start and finish of each line and at 
3-min intervals coinciding with the navigation system fixes. 


In addition, a cruise log was kept noting the line number, 


oy 





BeMmtame wot Start and finish of each line, depth of the 
towed transducer ‘fish', sweep rate of the recorders, firing 
rate of the 3.5-kHz system, sea state, course, speed, and 


general remarks. 
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Mi  cORRBeTIONS APPLIED 


Several corrections should be applied to bathymetric 
data obtained using echo-sounders in Order to reproauce an 
accurate chart of true depths. The errors considered and 
the corrections to be made are discussed ies. seCtL On. 
The actual application of the corrections to the bathymetric 


records is discussed in the section on data resolution. 


A. TRANSDUCER DEPTH 

The scales automatically marked on bathumetric records 
are referenced to the transducer. Since hull-mounted trans- 
ducers are never at the waterline of the survey vessel; a 
correction to account for the distance below the waterline 
must be determined and applied. Towed transducers must 
have their depths recorded for each line steamed so that 
the proper correction can hemiede wt wne: £aLnomecer Eransducer 
depth was determined and the towed transducer depth was 


measured for each line. 


Bem ripe CORRECTION 

Corrections for tidal variations can be obtained either 
from a tide gage or from tide tables. The tide gage is the 
most accurate as it will reflect tidal fluctuations due to 
meteorological disturbances and swell, whereas tide tables 


well de not. 


Zo 





Tide records were obtained from the tide gage maintained 
by the Naval Postgraduate School at Monterey Harbor in 
Monterey Bay. It has been found from experience that these 
tide records seldom vary by more than 0.5 ft from tides in 


Carmel Bay (Dr. W.C. Thompson, personal communication). 


A INSTRUMENT ERROR 

Instrument error does not vary with depth. That is, a 
fathometer with an error of 2 ft in 1 fm of water will have 
the same error in 200 fm of water. To calibrate the 
fathometer and 3.5-kHz profiling equipments, lead line 
soundings were made during operation of the acoustic eqguip- 
ment. The errors found on the lead line casts are shown in 


@Pable III. 


DmeOoOUND VELOCITY CORRECTIONS 

Depth sounding recorders are calibrated to give accurate 
readings when the transmitted and reflected sound pulses 
travel through sea water with a speed of 800 fm/sec. Devia- 
tions of the mean vertical sounding speed (MVSS) from this 
value will result in the recorder scale giving incorrect 
readings. 

For depths encountered, the MVSS is chiefly dependent on 
the thermal structure. In order to determine the thermal 
structure of Carmel Bay, expendable bathythermograph data 


was collected. 


30 





Test 


TABLE III 


INSTRUMENT ERRORS 


Fathometer Sok Hae Selsmic 


ft fete 
+2 +2 
+4 +2 
+4 +2 


oye 





(Peeeceloucatlon Of Mean Vertical Sounding Speed 


Temperatures were taken off the bathythermograph 
at 10-m (32.8-ft) intervals and the mean temperature at 
each depth was found by averaging the temperature at that 
depth with the shallower temperatures. Using tables of 
sound velocity in sea water prepared by the U.S. Naval 
Oceanographic Office (1962), a MVSS was found at each depth. 
A nearly constant MVSS of 1,487 m/sec (812.9 fm/sec) was 
found to exist in Carmel Bay for the period of this survey. 

2. Computation of Sound Speed Error 
True depth relates to fathometer depth by the 


expression: 


‘use Gleporela MVSS x fathometer depth 


fathometer calibrated sounding speed 


lee MVSS = 1487 m/sec, and 
fathometer calibration = 1,463 m/sec 


true depth = 1.01640 x fathometer recorder depth. 


Therefore, the fathometer was reading shallow by a 
actor OL 1.642. 

This error was compensated for by manufacturing acetate 
overlays of depth scales compressed 1.64% to be used instead 
of the existing scales automatically marked on the bathy- 


Metrre Becoras. 


Pea oLOlE seORRECT IONS 
1. Statement of the Problem 
The sound wave front of a transducer srreads 


spherically. The ship will receive an echo from any part 


5)7) 


ey 





of the sea floor that is intercepted by the spherical wave 
front as long as the reflection occurs within the sound cone 
of the transducer and any projection above the sea floor 
will give a hyperbolic echo trace. 

Where the sea floor is sloping at an angie less than 
half of the transducer cone angle, the first reflection will 
not be detected from vertically beneath the ship, but will 
return from the part of the slope which is perpendicular 
mee the ray (Fig. 6). 

If the angle of sea floor slope is greater than half 
Meemeransaucer cone angle, the first reflection will return 


Emer the half angle of the transducer cone (Fig. 7). 


ZeeeecOnnections For Slope Angles Less Than 15° 


Krause (1562) has shown that the relationshibd 


ct 


between the echo slope angie (¢) and true bottom siove angle 


(6) is: 
Sin@ = tan $9. 


In addition, the relationship between true depth (Z) and 


echo depth (R) is: 


R 
cos 6 


— 
—_— 





Tabulated values of the true depth for true bottom slope 
angles from 0° to 15° and echo depths from 0 to 300 fm are 
given in Appendix B. 

Spee orasecelons ot oloope Angles Greater Than 15° 

The equations given by Krause failat echo slope 


angles greater than 15° when using a transducer with a 30° 
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Sea Level 


= echo trace depth 


true depth 


echo trace slope angle 


[ 


R 
Zz 
Fe 
e) 


‘ zl TA E 
true potiom SiOpe Gngil 


From Krause (1962): 


sin@ = tan¢ 
Z = R/cos © 
Figure 6. 


Slope Correction for Slope 
Angles Less than 15°. 








Sea Level — 2 COO 


Z% aan 






True Bottom 


tan? = (Ry a Ro/H 


ton@ = (Z ~ - 


tanO = tan¢d [(Z Z WR, ~ 


R.) 
Pye 
fon 


Z/Isin (75° +0)] = R/[sin OO” eS ayit = R/cos@ ; Z 


| 


i RY sin(75~ + @)/cos @ 


Z,/\|sin (75° +e)} = Ro/Isin (90° —6)] = R,/cos@ 7 Zo = R sin(75° 


, +®)/cos @ 


* sin@ = tan@ sin (75° 1. 9) 


Z = R (cos 5° +sin 15° tang ) 


Figunsem? io lOnpe Correction for Slope 
Angles Greater than 15°. 
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sound cone. This is because his work was intended for use 
only in the deep sea where steep slopes are rarely 
encountered. 

It may be seen from Fig. 7 that the relationship between 
the echo slope angle (¢) and the true bottom slope angle (9) 


for echo slope angles over 15° is: 
Sing = tangdsin (75° + Q). 


The solutions of this transcendental equation for echo 
slope angles of 15° up to 45° are shown in Appendix A. The 
solutions given in Appendix A were obtained by iterating 0 
so that left and right hand sides of the above equation 
agreed to within +0.00005. 

It may also be seen from Fig. 7 that the relationship 


between the true depth (Z) and echo depth (R) 1s: 
Z = R (cos 15° + sin 15° tan 9). 


Tabulated values of the true depths for true bottom 
slope angles from 15° to 50° and echo depths from 0 to 300 fm 


are given in Appendix C. 


F. CROSS SLOPE CORRECTION 
1. Statement of the Problem 
The slope corrections previously discussed assume 
that the ship's track is parallel to the Maximum bottom 
slope. If the ship's track is not parallel to the siope, 
the track of the point of reflection across the slope does 


not correspond with the vertical Dsotection Of the ships 
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track on the sea floor, but lies upslope of the projection 
Siene Site Ss track (Fig. 8). 
Zoe OGbecelon Or Cross Slope 
Krause (1962) has shown that the relationship 
between the true bottom slope angle (8), the apparent bottom 
Slope angle OIEO) and the angle between the ship's track and 


a line parallel to the bottom contour (8) to be: 


fepehoy el 


tan 6@= . 
Sin 8B 


This relationship is good for all values of apparent 


bottom slope. 
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Ship Track 
Line Parallel to — 
Bottom Contours | so 


_ cE 
ge 
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z 


Pare 
Cee Oo \ Projection of Ship Track 
PaaS fOA¥ on Sea Floor 
\ Track of Echo Trace Reflection 
a on Slope 
Bottom 


6 = apparent bottom slope angle 
@ = true bottom slope angle 
B =angie berween ship track end line paralle! to bottom contours 


From Krause (1962): 
tan @ = tan @ /sin B 


Figure 8. Cross Slope Correction. 
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bye eo OUUL LON OF BATHYMETRIC DATA 


The 3.5-kHz profiler records were used to make the Carmel 
Bay chart rather than the fathometer bathymetry because: 


Swnemono=kiz Lecordas had better resolution than the 
fathometer records, 


-the wide precision depth recorder paper was easier to 
work on, and 


-the 3.5-kHz records were better on the steep slopes 
of the canyon walls. 


The fathometer records were used to validate the 3.5-kHz 
profiler records so that if any penetration of the bottom 
sediments had occurred, the true bottom could still be 


determined. 


A. DATA REDUCTION 

l. Calculation of the Mean Lower Low Water Datum 

The datum plane from which depths are recorded on 

hydrographic charts for the West EOnee of North America is 
mean lower low water (MLLW). It 1s necessary to locate the 
MLLW datum on the bathymetric records so as to use it as 
the zero level for subsequent depth determinations. Con- 
sidered in the determination of MLLW datum are transducer 
depth, instrument error, and the height of the tide above 
MLLW. 

In the cruise logbook were noted the date and time that 
each sounding line was steamed, the instrument error deter- 


mined from the most recent lead line test and the transducer 


BY, 





depths. The height of the tide from the MLLW datum is 
obtained from the tide gage records uSing the date and time 
that the line was run. 

Peey puede cableulation of the MLLW for the tide 3.0 ft 
above MLLW, a 3.5-kHz profiling system reading too deep by 
2.0 ft, and a 3.5-kHz transducer towed 20.0 ft below the 
meeeaee would total 15.0 £t (-3.0 -2.0+ 20.0). The MLLW 
datum is therefore located 2.5 fm above the zero scale line 
marked on the 3.5-kHz profiler records. 

Peel cewoinacy AnnOtatvon Of Rathymetric Records 

Acetate scales (corrected for deviations of MVSS 
from the calibrated fathometer sounding speed) were fabri- 
cated and used to mark depth intervals on the bathymetric 
records. The depths should be marked at the contour line 
interval to be used on the completed chart. As the overlay 
1s moved across the record, the zero line of the acetate 
scale must be held on the calculated zero line on the record. 
This 1S to assure that the marked depths will be taken from 
the MLLW datum. 

Major pinnacles and troughs should be marked by some 
consistent convention. The pinnacles and troughs of the 
small scale bottom eee cee or may not be annotated 
depending upon the intended use for the finished chart. 

3. Pope OmOr olLope COrnRecuions 

The depths now on the record are corrected for tide, 
instrument, and sounding speed errors. The depths marked on 


approximately level portions of the echo trace are correct 
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and need no more work. Corrections still need to be 
applied to the depths marked on the slopes. 
Gc atewratrton Of Apparent Echo Slope Angle 
The apparent echo slope angle (> .) is expressed 


liye the relationship: 


change in depth (ft) 


eel Ps ~ @Gistance traveled (ft) 


The change in depth is that change which occurs between 
any two fixes on the same slope. The distance traveled is 
Obtained from the track post-plot by measuring the distance 
between the fixes used to get the change in depth. 

b. Calculation of Apparent Bottom Slope Angle 
(1) Echo Slope Angles Less Than 15°. The 
relationship between the apparent bottom siope angle (5 2) 


and the apparent echo slope angle (>_) for echo slope angles 


fess than 15° is: 
sin 6_ = tan ¢_. 
a a 


Since OS 1s already known, it is only necessary to find the 
angle whose sine equals the tangent of o., tO, Lind 0: 

(2) Echo Slope Angles Greater Than 15°. For 
apparent echo slope angles greater than 15°, 08 may be 
obtained directly from Appendix A. 

Come caleulacion Gf True Bottom Slope 

The relationship between true bottom slope angle 
(6), apparent bottom slope angle (8), and the angle between 
the ship's track and a line parallel to the bottom contour 


(Su 1s: 





Ene angle Bp need not be exact. For the Carmel Bay 
survey, B was obtained from previously existing hydrographic 
charts. 

dad. Final Annotation of Bathymetric Records 
With the true bottom slope angle known, the true 
depth may be obtained for every echo depth (up to 300 fm) 
BeomeAppendix B (0 <15°) or Appendix C (6@> 15°). 

If the corrected depths are plotted below every echo 
depth on the records and connected, the profile of the true 
bottom will be seen. Again, uSing the acetate scales, even 
depth intervals can be marked on the true bottom. 

e. Ambiguity of 'V' Shaped Depressions 

Extending the true bottom profiles of both sides 
of a 'V' shaped depression until they intersect will give a 
very rough approximation of the bottom of the depression. 
An ambiguity exists as to the actual shape of the bottom 
Since the echo trace would appear the same for a variety of 
depression cross sections (Fig. 9). This ambiguity causes 
the Carmel Bay chart to be inaccurate along the canyon axis. 

Shepard and Emery (1941, p. 76), using lead lines, found 
that the Carmel Canyon head had a narrow, comparatively flat 
base. The wide (30°) transducer sound cones employed on the 
echo sounding equipments of this survey would completely 


mask this feature of the canyon profile. 
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=< Echo Trace Bo eF AAS 


\ » True Bottom 
\ Can Be Found 


True Bottom \ 


True Bottom Unkriown 





Note the identical echo traces (first reflection) for both troughs. 


Figure 9. Ambiguity of 'y' Shaped Depression. 
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Vs. CARTOGRAPHY 


Pee CONSTRUCTION OF THE SMCOTH SHEET 

The true depths on the bathymetric records were next 
transposed to the post-plot of the fixes taken. Every mark 
Smee record had a coinciding fix on the post-plot. Pro- 
portional dividers were used to locate the positions of 
useful contour depths on the post-plot between fixes. 


Pinnacles and troughs were also located. 


PaeeCONSTRUCTION OF THE FINISHED CHART 

The last step in the manufacture of a hydrographic chart 
as the contouring cf the smocth sheet. Contouring of depths 
was done on tracing paper, as many erasures were often 
necessary. 

The shoreline for the Carmel Bay chart was taken from 


the 1933 hydrographic survey smooth sheet made by C&GSs. 
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VI. SUMMARY 


The completed chart of Carmel Bay is enclosed as 
Plate I. Every precaution has been taken to insure the 
accuracy of the contours. Unfortunately, the 30° transdu- 
Semecones did not allow for the bottom of the canyon to 
be properly surveyed and the chart 1S not exact in these 
areas. 

Figure 10 shows the depth contours from the current 
navigation chart of Carmel Bay (based on the 1933 C&GS 
Survey) as compared with the contours obtained by this 
survey. It may be seen that although the 1933 survey 
Brovideac the general trends of the bottom topography, this 
study is mcre specific. 

It is hoped that this study can be used as a guide for 
those interested in conducting bathymetric surveys of areas 


Similar to Carmel Bay. 
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I971 Survey (this report) 
—— — — 1933 C&GS Survey 


Pugucesl), Comparison of 1933—and 1971 Bathymetric Surveys. 
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Vite FE UnURE WORK 


It is anticipated that the sounding lines not completed 
will be accomplished at some future date so that the contours 
in this region (Fig. 3) can be drawn with more certainty. 

Carmel Submarine Canyon should be surveyed with a narrow 
beam profiler so as to accurately determine the cross-section 
procile of the entire canyon. if this Drorwling Coulda be 
done on regular intervals, every few years or so, the 
slumping at the head of Carmel Canyon could be closely 
documented. 

Work is presently under way at the Naval Postgraduate 
School to define the texturai Ce mEner a1 cg zce. alto pen, polewe;y| 
and basins of the bottom sediments of Carmel Bay. Also, a 
careful study is being conducted of the shoreline geology 


of Carmel Bay. 
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APPENDIX A 
DEPTH CORRECTIONS FOR A TRUE SLOPE QF 13 DEGREES 
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APFENDIX 8 
DEPTH CORRECTIONS -OR A TRUE SLOPE OF 14 DEGREES 
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APPENDIX 8B 
DEPTH CORRECTIONS FOR A TRUE SEdiperer 15 DEGREES 


= TAIT M ONO OWM AO OM HOY 
HANS ODORMMNEYDONTHY 
eoeuo0et*®ee#eteteoee* © ¢ @ 
MMOMOSFA SPAS RNONMO 
PTNMNOOMS ODNOOM 
MAINA AINA AN AD OOOO 


ADE STNOFMNMOGNM ADOT AO 
STODONMNEY WONT 


DDUVUMARDVOSNDENNOMUIM 
OAM DONTNSYAAM 
eeeeteeeer*se es 


OMOWO WHO 


O ABU DOO TAM AAM 
ew 6 6 © OO. 6) 0 tet ce Oe Of Ce 
2DFOTOWOMOVUR 
MTU O OP CO 


O AO RR AUT AU NO 
DARMOOAANANM OS 
A et et ted at a INNO 


HO HO NS AIM 00 07.00 0 CO) CY 
FTN O OHH DODAHOOMAIN 


BOO itt i IRIN AIEEE CT AE Sh st FENIAN D0 OOM EEE PT DGD. DDHAGND 


NOWOMOWMOW OWUO MNMOWMONONMO 
FPEUNO OM DOAMHO 
NAAN NAN NANA ANNO 


ONOINDNONONMONMOWOW OWMOU 
NI CACO UII OO COc$d AO 
NN a ced red ed ed ed rd et td ed i eo 


ON ONONONMONONONONOWOW 
SAU AM TS FOWIO OH OO DYN DOK ANNMOM 


AACN AANA 


LA LALA LAVA VLA LA LV LV LV VN LALA UNIDAD LUN VY 
ed ed ee a ted ti it 


Waliatiattaltalalalalalalalalal a0 al aLala 
Sei I tet ir mired 


WAtattattaltattaltalrattalalalalalal'a) Sal aL aL SDSL. 
MOA AS detested teint ieee 


66 





Ric 
U) 
tu 
few 
C) ~ 
J ~< 
Y MN ~ 
~ x 
i) - aa) 
= me ~ 
ad om - 
Y - CE ~ pone 
UW) tL WY N 
oO <I Cy = > 
O ©) Ne) 
_— a. Ca ae LL 
WY Cc oe be 
Li ‘) <I — x 
es tad Lil ~ ™~ 
© Y) - ee ~ o 
= mie - - <_[ aN} 
ae ia OE) >< em 4 
OM “SO nm x™ - 
Mu! ~ e foo Le « 
me, (2 On ant - 
WO cui ~x~ oF Ore nn wt ~ 
peer me 6G tO i ers om rt 
>< eS © yi UO ~ o 
er OU x ee (8 Coes ~ 
© let Ui Im tu CDE ON On faa) 
ez EL Lee es“ me WL Litaf CO PA] 4 a) \ 
itu! Sa ais. Xe Cita ~ #C ~s 
Q Werf aT uN Fo ew W ZANE (2 
QO Page ° eas » | - = CJ o> k= - 
<{ Gh ~~ ~ -— ee ~ t en) © 
-— “NOK ow xe. xX O => CoC) ° 
Ee © SN EYER ORM AMIN + Vr > © 
C, hehe CO ~ CSR QistaAN ws e co PO oe ee ~- 
UE e- am emrm ©} 0’ CO oe eri &e (On CO eO-— Tf 
 <f 0 OMe Oe Of LOee Cen W Ox OO fF 
YL A Osos 2a ta On N Mw W 
(Gi fe’A e ow ewe ee lj mew YW wo =. gO.) or 8 @ ae 
C9CS c& 6 Oe Oe OE Cc elf\ Wwe fe bh =) 
OSes) Sea Oe SOO Il 
J etl ws Tipde irT yy iat Um O & <t ® & e<ieiCs 
LAR INR SZ RS RF tk & OrRaca tte re OL IN +r 0 
tht | mC ROO RIO NOL TZ OL Y Neon Pt OG 


follee eee || TLWlorz 
StU ete XY ROW LI 


Wo i MOCOKOre’Orad~ li 
Wego Zu.sii su exile a og Oe 8 
< x ~ 
oOo DD WN oO _ 
mn Oo © O © 
ri = 


Z 
N 


a4 


200 


© 
4 O 
© 


0003 
C002 


QUOLVOUUOVUUY 





MPPENDIX C 
DEPTH CORRECTIONS FOR A TRUE SLCFE OF 15 DEGREES 
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APPENDIX C 
DEPTH CORRECTIGNS FOR A TRUE SLCFE CF 16 DEGREES 
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APPENDIX C 
MEPTH CORRECTICNS FOR A TRUE SLOPE OF 19 DEGREES 
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APPENDIX C 
DEPTH CORRECTICNS FOR A TRUE SLOPE OF 20 DEGREES 
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APPENDIX C 
DEPTH CORRECTICNS FOR A TRUE SLOPE OF 21 DEGREES 
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APPENDIX C 
DEPTH CORRECTIONS FOR A TRUE SLOPE OF 22 DEGREES 
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APPENDIX C 
DEPTH CORRECTIONS FOR A TRUE SLOPe OF 26 DEGREES 
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APPENDIX C 
DEPTH CORRECTIONS FOR A TRUE SLOPE OF 27 OUECKOES 
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APCENDIX C 
AEPTHMCORRECTIGNs “GR A YRUc SLOTE CF 29 DEGREES 
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APPENDIX C 
DEFTH CORRECTIONS FOR A TRUE SLCPE OF 30 DEGREES 


COLA AOD OSPF IO at NO DIAM HOO TART VORIIMO DW MAD TADS MOD O MAM OT ANPP ANO MUNA 
OD ee MOTO DAE MOM OND MANADO Nea fF ONAN OF OVW AE MAP TOONOM AWM 4 ON OF DIAM MOV TOW 
ees Ee ere amige eels al Guin iighe tans eis (sins @2 eutemeg si. * 6 6:8: 6, (6.07 & 8 ce eS Te ANOS, 8: P50: NeOnae Oe ape ree noe. 
ON BONE MAA TFONAD AD MA TONGRN@MPUOOD AL AND FAM OVAEMDSFANODANEMODSRMAOAE MAT 

I NIAIIA gf DIN DO RE OD MNOOTANAMMPSANOOEE DNDOOSANNMM SOND ORE DO HOOGANAM 
cg mt et dpe et eet A it et tat IAIN OIA NIN AINA AINA AIN AN OV OF 0.09 OVO 


O SAN AIM ME IAIN O OER OPA OOSNAM Mr FINO ORE DD ROO SAN NM T TOMO DD ADHO AANA OF HN 
PH eat geet ph pm mh ened peed dred ed et eed ed mt ed IO ONION IOI ANIA AIO ALAND 09 00 0109 0 OHNO 


ON ONOM ONOMONONONO NON ON OCHON ON ONONONON ON ONONONOMONONOWNOWOWMOWOWOS 
SAAN MOT FINN ODE EDD ADOOGANN MMS PFUINODOME DAOAMMOO AAN AMMO STU OM ODWHDO 
at at et redo 4 SS set atest tt St ONNNNANNNNNNNANNN NNO) 


OOD D CO CCC COOCCOOOCOOCOCOOOOCOSSD COOCOCOOCOCOOOOOOOOSDOOOCOOOOOCOOCO 90000 
TE RY YD EY ND DD DE ED EY EY EY EH YY EY EY EY. EH EY... FE EE. OVO OED ODED MOT CAC CICA. CCT CD 


83 


APPENDIX C 
NECTHMGHtORCmencera@n A TRUE SLOPE OF 31 DEGREES 
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APPENDIX C 
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APPENDIX C 
DEPTH CORRECTIONS FOR A TRUE Steere OF 35 DEGREES 


Ep cat OMIAD ORME OTE aT OMIA AYYR MOF nt OUNDN OOM OLE ABAD GSRE SG 
OME NDOTADOUMGTAM SFR ON GT SAC SnAsCoMOOUNOG HU tT BOO MADINMORMNNORY NG ON 
AS IESE SE GTC LN EA Se Sag 6 13 Cn 1 RONG CNR ON IE cia URION SBN Srey ey eyecare Thayne Cice) 
Bie EE CIOS OOM MOT OGM MPS OONEMTANGINN MANO INDNON AON ST ams 
A NOT QT Oe OO ROS MAINIMM EG TIN DONE OOROOTANN MS FINN OP DOT Gs aeaenen 
es INI NINN NNCUI NI  i ) 


ahi fet AO OP OO ANIM MANO QO ROMANMS FIND OM ODD OMANM ANIA OTE OOS 
Sa AIM N NASA AIAN NAA NA EI en VIENTIANE 


BSE POS RO oS ASHONOMONSHONSNONSRODOHO OO ROO ee COR DOR 
Be Oe NB OR ROOM ANN MM TAINO ORE BONNOO ANAS ge IAIN 
m1 ied Sy pe pe ICN AION INIA 


PITTI I IRIIIT at traintinatatatat aaa ara al aaa Arar a al abataT EA ADADAD ADA ata tar 
FEN A NN ANNE ee N eM TN ETH HOTS UTNE EE ECT... MM eNO EDEN EITM EMME ENE EDEN ETAT 


88 











APPENDIX C 
MEIPTH CORRECTIONS FOR A TRUE SLEFE OF 36 DEGREES 
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APPENDIX C 
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NBIX C 
DEPTH CORRECTIONS FOR 4&4 TRUE SLOPE OF 38 DEGREES 
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